This trial prospectively compares two methods of percutaneous tracheostomy, both routinely used in ICU: the Ciaglia progressive dilational tracheostomy and the Griggs forceps dilational tracheostomy. One hundred patients were randomized using a single-blinded envelope method to receive progressive or forceps percutaneous tracheostomy performed at the bedside. Operative time, the occurrence of hypoxaemia or hypercapnia and complications were recorded. The progressive technique took longer than the forceps technique (median 7 (range 2-26) vs 4 (1-16) minutes, P=0.0005). Hypercapnia occurred in both groups but was more marked with the progressive technique (56 (16) vs 49 (13) mmHg, P=0.0082). Minor complications (minor bleeding, transient hypoxaemia, damage to posterior tracheal wall without emphysema) were also more frequent with the progressive technique (31 vs 9 complications, P<0.0001). Six major complications occurred with the progressive technique, none with the forceps technique (P=0.0085): tension pneumothorax, posterior tracheal wall injury with subcutaneous emphysema, loss of airway with hypoxaemia, loss of stoma with impossible re-catheterization, and two conversions to another technique. In conclusion, progressive dilational tracheostomy took longer, caused more hypercapnia and more minor and major difficulties than forceps dilational tracheostomy.
Percutaneous tracheostomy is routinely used in many intensive care units (ICus). There are several recognized techniques [1] [2] [3] [4] [5] [6] [7] , and none is free of complications. The use of fibreoptic bronchoscopic guidance has been proposed in order to increase safety 8, 9 . The primary aim of this study was to compare the Ciaglia progressive dilational tracheostomy (PDT) and the Griggs forceps dilational tracheostomy (FDT) performed under fibreoptic direct video-assistance, with regard to operative time, and the development of hypoxaemia, hypercapnia and complications.
mATERIALs AnD mETHoDs A prospective, controlled, randomized study was conducted during a twenty-month period from February 2001 to December 2002. The study was approved by the local ethics committee, and all patients or their families gave their informed consent. Consecutive patients over 18 years of age undergoing tracheostomy in the ICu were included. The decision to perform tracheostomy was made when the patient was expected to be ventilator-dependent, because of respiratory insufficiency or neurological problems, for more than ten days.
The tracheostomy technique (PDT or FDT) was randomized using a single-blinded envelope method. Exclusion criteria were unidentifiable anatomy of the neck, short neck, cervical spine stiffness or trauma, or coagulation disorders (InR>1.8; TCA>1.6; platelet count <80,000). In patients receiving prophylactic doses of low molecular weight heparin, the tracheostomy was performed twelve hours after the last injection. Enteral feeding was stopped at least six hours before the procedure.
All tracheostomies were performed at the bedside in the ICu under intravenous general anaesthesia with fentanyl, midazolam and vecuronium. The size of the tracheal tube was 7.5 mm external diameter for all patients. Fifteen minutes before the tracheostomy, the patients received positive pressure ventilation with 100% oxygen and an additional dose of fentanyl 4 mg/kg. Throughout the procedure, invasive blood pressure, pulse oximetry, end-tidal Co 2 , and electrocardiogram were continuously monitored. Arterial blood gas samples were obtained before tracheostomy and immediately after tracheostomy tube insertion. The tracheostomies were done by a team of five intensive care senior specialists, each of whom had previously performed at least twenty procedures with each technique. A resident was in charge of airway management and the bronchoscope. In all cases the bronchoscope (5.1 mm external diameter; Eb-1570 K, Pentax™, Argenteuil, France) was connected to a video camera and a television screen so that both operators could see the tracheal lumen and thus monitor progress as seen from inside the trachea, in order to perform a continuous video-assisted tracheostomy. The bronchoscope was inserted into the tracheal tube via a self-sealing diaphragm in the elbow connector. The patient was ventilated in volume-controlled mode, without modifying the previous respiratory settings.
The techniques were performed as described by Ciaglia 2 and by Griggs 3 with commercially available sets, the PercuQuick dilator set (RÜsCH ® , Le Faget, France) and the Percutaneous Tracheostomy Kit (sIms Portex ® , Fontenay/bois, France) respectively. In all patients, the endotracheal tube was withdrawn under fibreoptic control and an 8 mm external diameter tracheal cannula was used. At the end of the procedure a bronchoscopy was performed through the tracheostomy tube to confirm correct position and to suction blood and secretions.
Demographic information, duration of the procedure, blood gas analysis, arterial blood pressure and heart rate were collected immediately before skin incision and immediately after tracheostomy tube cuff inflation. The duration of the procedure was defined as the interval from incision of the skin to the inflation of the tracheostomy tube cuff. Complications attributable to the tracheostomy during or after the procedure were also recorded. Lesser amounts of bleeding, even if requiring bronchoscopic suctioning, were considered as minor complications. other complications classified as minor were puncture of the posterior tracheal wall without subcutaneous emphysema, transient hypoxaemia (defined as pulse oximetry saturation <90%), loss of airway without hypoxaemia, and technical difficulties not leading to conversion to another technique. Loss of airway was defined as inadvertent removal of the endotracheal tube. major complications included pneumothorax, posterior tracheal wall damage with subcutaneous emphysema, loss of airway with hypoxaemia, and technical difficulties leading to unplanned conversion to another technique.
sample size was determined according to a previous study 10 . The data were tested for normal distribution before applying the tests. normally distributed values are reported as mean (sD), non-normally distributed values are reported as median (range). Complication rates in the two groups were compared using Fisher's exact test. The durations were compared using the mann-Whitney u-test; changes in physiological variables were compared using the Wilcoxon test. A value of P<.05 was deemed significant.
REsuLTs
There were 100 patients (70 men, 30 women) of whom 48 were randomized to the PDT group, and 52 to the FDT group. The primary diagnosis for admission to the ICu and the epidemiological data are presented in Table 1 . Preoperative values for heart rate, arterial blood pressure, sex ratio, simplified Acute Physiologic score 2 value, and diagnosis for admission were not significantly different in the two groups. The median procedure duration was 7 (2-26) minutes in the PDT group vs 4 (1-16) minutes in the FDT group (P=0.0005). P a Co 2 increased and arterial pH decreased after tracheostomy in both groups, but significantly more in the PDT group. A statistically significant but clinically unimportant decrease in P a o 2 was observed with PDT but not FDT ( Table 2) . systolic blood pressure increased moderately after tracheostomy in the FDT group (137 (25) to 155 (31) mmHg, P=0.0023), but there were no changes in mean arterial blood pressure or heart rate.
minor and major complications are detailed in 
DIsCussIon
The current study, comparing two video-assisted tracheostomy techniques, showed that PDT was associated with a greater increase in P a Co 2 , with subsequent respiratory acidosis, and more technical difficulties than FDT. Hypoventilation leading to hypercapnia during percutaneous tracheostomy has been described, probably due to the bronchoscopic guidance. Continuous bronchoscopy during PDT was first proposed by marelli and Paul 8, 9 , but is likely to be associated with hypercapnia and respiratory acidosis, as the obstruction of the lumen by the bronchoscope reduces tidal volume. Hypoventilation may be prevented by using a smaller (paediatric) bronchoscope, adapting ventilation to a preset P ET Co 2 , and by employing pressure controlled ventilation 12 . There is a linear correlation between the time taken to perform dilational tracheostomy and the increase in P a Co 2 11 , which may to some extent explain why we found more hypercapnia in the PDT group. Reducing the duration of the procedure may thus be beneficial, although hypercapnia caused no complications in this study; dilational tracheostomy has been used safely even in patients with severe respiratory failure ventilated with high PEEP 13 .
Despite the generous anaesthetic dosage used in this study, an increase of systolic blood pressure was observed in the FDT group, which suggests that the single dilation with the Howard-Kelly modified forceps creates more surgical stress than the progressive dilation, and thus requires more analgesia.
There are five comparisons of PDT and FDT in the literature [14] [15] [16] [17] [18] . Four of them tested blind procedures [14] [15] [16] [17] , and only the most recent used bronchoscopic guidance 18 . Interestingly, the complication rate observed with blind procedures is the inverse of the results of the studies in which bronchoscopy was used, including the current study. In blind procedures it was 5 to 14% for PDT and 8 to 31% for FDT; in bronchoscopic procedures it was 27 to 77% for PDT and 13 to 17% for FDT. There may be two explanations. Firstly, continuous bronchoscopy reduces the rate of FDT-specific complications. Thus the blind FDT procedure caused a high incidence of false passage of the catheter or cannula [14] [15] [16] [17] . no false passages were created however in the bronchoscopic studies, as correct positioning of the guidewire, the Howard-Kelly forceps and the cannula are always demonstrable. In our experience, single dilation, practised blindly, carries a high risk of false passage of the guidewire and the cannula 10 . The Griggs system may thus be much safer when done under bronchoscopy 18 . secondly, the definition of complications varies among the different trials. We considered bleeding to be a minor complication as long as it could be managed by suction via the bronchoscope, but recorded it even if it was only minor bleeding of the stoma not necessitating any intervention. There were 17 cases of minor bleeding. However, in other studies, bleeding was sometimes classified according to the estimated volume of blood shed 15 , sometimes as a drop in haematocrit level by more than three points 16 , or sometimes as necessitating the use of diathermy, ligation of vessels, or the use of protamine or coagulation factors 17 . Although FDT has been found to be safe in patients with coagulation disorders such as thrombocytopenia 19 , there is no general agreement on this issue. our findings cannot be explained by lack of experience; our study was randomized, and the five operators were senior intensive care specialists who had previously practised at least twenty procedures with each technique. In most studies comparing PDT and FDT, the experience of the operators was not stated in any detail 14, [16] [17] [18] . In one study 15 , three procedures with each technique was considered adequate. However, the learning curve for PDT shows that the complication rate is halved after 20 consecutive procedures with the same technique for a given operator 20 . A similar threshold has been suggested for FDT and for the translaryngeal technique 10, 21 .
In conclusion, progressive dilational tracheostomy, when performed under fibreoptic bronchoscopic guidance, was associated with a longer procedural duration, greater hypercapnia and more minor and major complications compared to forceps dilational tracheostomy.
